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BACKGROUND 
Introduction 
ανεύρυσμα
Figure 1. Schematic drawing of an infrarenal abdominal aortic aneurysm. Dashed lines represent the contour of 
a non-aneurysmatic aortic wall.  
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Pathophysiology 
Figure 2. Schematic drawing of the three layers (tunica) of the aortic wall. The endothelium is part of the intimal 
layer. 
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Diagnostics 
Figure 3. Schematic drawing of the three most common ways of measuring the abdominal aorta to acquire its 
diameter; leading edge to leading edge, inner to inner, and outer to outer.  
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Study population 
The Swedish Mammography Cohort 
The Cohort of Swedish Men 
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Figure 4. Study area for the Swedish Mammography Cohort (Uppsala and Västmanland Counties) and the 
Cohort of Swedish Men (Västmanland and Örebro Counties). 
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Figure 5. Source population, exclusions, and study population for Study I-V. 
COSM indicates Cohort of Swedish Men; SMC, Swedish Mammography Cohort;  
AAA, Abdominal Aortic Aneurysm (iAAA and rAAA, intact and ruptured AAA);  
BMI, Body Mass Index; WC, Waist circumference; PIN, Personal Identification Number 
 
Alcohol (Study IV)
44,715 men and 35,569 women
1214 cases of iAAA & rAAA
Fruit & Vegetables (Study III)
44,317 men and 36,109 women
1086 cases of iAAA & rAAA
Obesity (Study II)
33,996 men and 29,659 women
597 cases of iAAA
Smoking (Study I)
42,596 men and 35,550 women
1157 cases of iAAA & rAAA
Pre-baseline AAA, n=169
Missing BMI, n=3194
Abnormal BMI, n=1589
Missing WC, n=13,247
Abnormal WC, n=1219
Implausible energy, n=728
Missing fruit, n=803
Missing vegetables, n=947
Missing drinking status, n=1017
Missing alcohol quantity, n=1603
Missing smoking status, n=1477
Missing pack-years, n=3245
Missing cessation years, n=36
SMC 1997
56,030 invited
39,227 respondents (70%)
Study Population 1997
38,984 women
Incorrect PIN, n=243
Study Population 1987
61,433 women
Study Population 1997
45,906 men
Missing data, n=1823
Age <40/≥70 years, n=165
Pre-baseline cancer, n=2437
Implausible energy, n=793
SMC (Swedish Mammography Cohort)
Source population 1987; women born 1914-1948
(residing in Västmanland and Uppsala county)
SMC 1987
90,303 invited
66,651 respondents (74%)
COSM (Cohort of Swedish Men)
Source population 1997; men born 1918-1952
(residing in Västmanland and Örebro county)
COSM 1997
100,303 invited
48,850 respondents (49%)
Dead, n=3160
Moved out, n=2243
Missing data, n=297
Pre-baseline death, n=55
Pre-baseline cancer, n=2592
Not screened for AAA, n=31,391
Wrong age-group, n=165
Pre-baseline AAA, n=1
Implausible energy, n=100
Lifestyle & Aortic diameter (Study V)
14,249 men screened for AAA
168 cases of iAAA (≥30 mm)Pre-baseline death, n=26
Pre-baseline cancer, n=1791
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Table 1A. Age distribution, educational level and body mass index among women in the SMC 
 
Analytical SMC 1997 population in  
Study I-IV* 
 
 
       
 I II III IV 
Original 
SMC -97 
Population  
1997† 
Age group (years) 
 Total no. 35 550 29 659 36 109 35 569 38 984 1 633 520 
 48–54 29.4 28.7 29.5 29.8 28.5 27.6 
 55–59 18.2 18.2 18.3 18.4 17.9 15.0 
 60–64 14.7 14.6 14.6 14.7 14.5 12.7 
 65–69 13.4 13.9 13.4 13.3 13.5 12.7 
 70–74 12.1 12.5 12.1 12.0 12.4 12.7 
 75–79 9.5 9.6 9.5 9.3 10.1 12.1 
 80–83 2.7 2.5 2.6 2.5 2.9 7.3 
Education, ages 48–74 years ‡ 
 Total no. 31 208 26 073 31 740 31 370 33 914 1 316 743 
 ≤12 years 78.8 79.0 78.8 78.6 78.9 78.7 
 >12 years 20.9 20.7 20.9 21.1 20.5 19.9 
Body mass index (>25 kg/m2), by age groups § 
 45–54 years 37.5 35.7 37.3 37.4 37.6 38.8 
 55–64 years 45.5 44.4 45.5 45.4 45.7 47.4 
 65–74 years 49.6 48.6 49.6 49.5 49.7 52.0 
 75–84 years 42.8 41.9 42.8 42.7 42.9 42.3 
Current smokers, by age groups || 
 45–54 years 26.8 25.6 26.0 26.0 26.1 30.6 
 55–64 years 21.2 20.0 20.6 20.7 20.8 21.5 
 65–74 years 13.7 12.5 13.2 13.4 13.4 16.5 
 75–84 years 8.3 7.8 7.9 8.0 7.9 7.7 
Values are percentages unless indicated otherwise; percentages may not add up to 100 owing to missing values.  
SMC indicates Swedish Mammography Cohort. 
*) Analytical cohorts obtained after exclusion of those with a history of abdominal aortic aneurysm or cancer, and those with 
missing data on primary exposures (see Figure 4 for a detailed description of exclusions). 
†) Data from Official Statistics Sweden (OSS).  
‡) Educational level reported for those aged 74 years or less as there were no available data from OSS for older women. 
§) Proportion of overweight (Body Mass Index >25 kg/m2) people within each age-group. 
||) Proportions of current smokers within each age-group are reported for the cohorts, while corresponding proportions of 
daily smokers are reported for the population. 
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Table 1B. Age distribution, educational level and body mass index among men in the COSM 
 
Analytical COSM 1997 population in 
Study I-V* 
 
 
        
 
I II III IV V 
Original 
COSM -97 
Population 
1997† 
Age group (years) 
 Total no. 42 596 33 996 44 317 44 715 14 249 45 906 1 594 952 
 45–49 16.6 15.8 16.2 16.1 7.6 ‡ 15.9 19.5 
 50–54 19.6 18.9 19.1 19.1 45.1 ‡ 18.8 20.8 
 55–59 16.4 16.1 16.2 16.1 33.3 ‡ 15.9 15.6 
 60–64 13.3 13.2 13.1 13.1 11.4 ‡ 13.1 12.5 
 65–69 13.9 14.2 14.0 14.0 2.6 ‡ 14.1 11.6 
 70–74 11.6 12.3 12.1 12.2 - 12.4 10.8 
 75–79 8.6 9.5 9.4 9.5 - 9.9 9.2 
Education, ages 48–74 years § 
 Total no. 38 914 30 756 40 144 40 455 14 249 41 382 1 448 585 
 ≤12 years 82.0 82.2 82.2 82.3 80.4 82.3 77.1 
 >12 years 17.7 17.6 17.5 17.4 19.4 17.3 21.0 
Body mass index (>25 kg/m2), by age groups || 
 45–54 years 54.6 54.2 54.5 54.5 56.4 54.5 57.2 
 55–64 years 59.1 58.6 59.0 59.0 58.6 59.1 60.3 
 65–74 years 56.4 56.2 56.5 56.7 63.2 56.8 57.0 
 75–84 years 47.3 47.5 47.1 47.3 - 47.5 43.0 
Current smokers, by age groups # 
 45–54 years 27.9 26.2 27.5 27.6 24.2 27.7 23.2 
 55–64 years 23.5 22.3 23.5 23.5 20.2 23.7 22.8 
 65–74 years 21.4 20.9 21.8 22.1 16.1 22.4 17.2 
 75–84 years 20.3 19.8 21.2 21.9 - 22.1 13.4 
Values are percentages unless indicated otherwise; percentages may not add up to 100 owing to missing values.  
COSM indicates Cohort of Swedish Men. 
*) Analytical cohorts obtained after exclusion of those with a history of abdominal aortic aneurysm or cancer, and those with 
missing data on primary exposures (apart from Study V, see Figure 4 for a detailed description of exclusions).  
†) Data from Official Statistics Sweden (OSS). 
‡) Participants in Study V only included men screened for AAA between 65 and 75 years of age, mean 13 years after baseline, 
explaining the non-representative distribution of age in this analytical cohort. 
§) Educational level reported for those aged 74 years or less as there were no available data from OSS for older men.  
||) Proportion of overweight (Body Mass Index >25 kg/m2) people within each age-group. 
#) Proportions of current smokers within each age-group are reported for the cohorts, while corresponding proportions of 
daily smokers are reported for the population. 
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Assessment of AAA and follow-up of the cohorts 
The National Patient Register and the Cause of Death Register 
 PARTICIPANTS AND METHODS 
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Swedvasc 
Table 2. Identification codes used to identify AAA in the National Patient Register, the Cause of 
Death Register, and the Swedish Register for Vascular Surgery (Swedvasc)  
Source iAAA rAAA 
ICD-10 I71.4 I71.3 
ICD-9 4414 4413 
ICD-8 4412 4412 
Swedvasc iAAA rAAA 
Infrarenal surgery PDG10-99 PDG10-99 
Infrarenal stent PDQ10-99 PDQ10-99 
Suprarenal surgery PCG10 PCG10 
Suprarenal stent PCQ10 PCQ10 
AAA indicates Abdominal Aortic Aneurysm; ICD-8, 9, and 10, International Classification of Diseases (eight, ninth and tenth 
revision); iAAA, intact Abdominal Aortic Aneurysm; rAAA, ruptured Abdominal Aortic Aneurysm;  
Swedvasc, the Swedish National Register for Vascular Surgery. 
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Modelling of continuous variables 
 
 PARTICIPANTS AND METHODS 
 43 
Modelling of missing data 
LIFESTYLE AND RISK OF ABDOMINAL AORTIC ANEURYSM 
44  
Table 3. Proportions of missing data for each variable of interest, for each of the five studies 
 Analytical population in Study I-V* 
       I II III IV V 
Total no. of participants 78 146 63 655 80 426 80 284 14 249 
Total missing      
 ≥1 variables 19.2 6.8 28.9 21.9 31.2 
 ≥2 variables 1.5 1.5 6.5 2.9 7.3 
Missing on specific variables      
 Education 0.3 0.3 0.2 0.4 0.2 
 Body Mass Index - 0.0 - - 3.3 
 Waist Circumference 17.2 0.0 17.2 17.4 18.9 
 Smoking status 0.0 1.4 1.5 1.5 1.2 
 Pack-years smoked 0.0 4.6 5.2 5.2 3.6 
 Alcohol consumption 2.7 2.3 2.4 0.0 1.0 
 Physical activity - - 8.5 - 9.5 
 Fruit consumption 1.3 - 0.0 1.0 - 
 Vegetable consumption - - 0.0 - - 
 Meat consumption - - 0.4 - - 
 Fish consumption - - 1.3 - - 
 Wholegrain consumption - - 0.5 - - 
 Healthy diet score - - - - 2.9 
Values are percentages unless indicated otherwise.  
*Analytical cohorts obtained after exclusion of those with a history of abdominal aortic aneurysm or cancer, and those with 
missing data on primary exposures (apart from Study V, see Figure 4 for a detailed description of exclusions).  
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Study I. Smoking 
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≥
Table 4. Incidence of abdominal aortic aneurysm (AAA), by smoking status 
 Smoking status 
     Women  Men 
        Standardized 
incidence rate 
(per 100.000  
person-years)* 
Never Past Current  Never Past Current 
All AAA events 17 (13 - 22) 46 (34 - 63) 136 (108 - 168)  76 (64 - 89) 206 (186 - 228) 365 (330 - 403) 
Intact AAA 12 (9 - 17) 37 (25 - 51) 109 (85 - 138)  61 (51 - 73) 160 (143 - 179) 297 (266 - 331) 
Large AAA † 9 (6 - 14) 28 (18 - 41) 58 (40 - 82)  33 (26 - 42) 105 (91 - 121) 196 (170 - 225) 
Intact AAA repair 4 (2 - 8) 18 (10 - 29) 32 (20 - 49)  19 (13 - 25) 59 (48 - 71) 128 (108 - 151) 
Ruptured AAA 5 (3 - 8) 10 (5 - 19) 27 (14 - 45)  15 (10 - 21) 46 (37 - 58) 68 (52 - 87) 
Values in parentheses are 95% confidence intervals. AAA indicates abdominal aortic aneurysm. 
*) Standardized according to the distribution of age in the Cohort of Swedish Men. 
†) Ruptured AAA or AAA repair. 
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Figure 6. Multivariable adjusted hazard ratios of abdominal aortic aneurysm (AAA), by smoking status. Dots 
represent point estimates and bars represent 95% confidence intervals. Vertical axis is on a log scale. 
 
Figure 7. Multivariable adjusted hazard ratios for abdominal aortic aneurysm (AAA) associated with numbers of 
pack-years smoked among current- and past smoking men (solid M-line) and women (solid F-line). Data were 
fitted with a Cox proportional hazards regression model with restricted cubic splines with three knots at fixed 
percentiles (10th, 50th, and 90th) of the distribution of pack-years smoked. Dashed lines for men, and dotted 
lines for women, represent 95% confidence limits (pack-years smoked was not associated with AAA among 
past smoking women). Never smokers at null served as reference. Vertical axis is on a log scale. Tick marks 
represent the distribution AAA-events among men (M-row), and women (F-row). 
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Figure 8. Multivariable adjusted hazard ratios for abdominal aortic aneurysm (AAA) associated with years since 
smoking cessation among  current- and past smoking men (solid M-line) and women (solid F-line). Data were 
fitted with a Cox proportional hazards regression model with restricted cubic splines with three knots of the 
distribution of years since smoking cessation (0, 8, and 31 years for men, respectively 0, 5, and 29 years for 
women). Dashed lines represent 95% confidence limits. Current smokers at null served as reference. Vertical 
axis is on a log scale. Tick marks represent the distribution of AAA-events among men (M-row), and women (F-
row), who had ceased to smoke at baseline. 
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Study II. Obesity 
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 51 
Figure 9. Multivariable adjusted hazard ratios of intact abdominal aortic aneurysm (iAAA),  
by categories of waist circumference and Body Mass Index. Dots represent point estimates and bars represent 
95% confidence intervals. Vertical axis is on a log scale. 
Figure 10. Multivariable adjusted hazard ratios of intact abdominal aortic aneurysm (iAAA) associated with waist 
circumference among men and women. Data were fitted with a Cox proportional hazards regression model with 
restricted cubic splines with three knots of the distribution of waist circumference (85, 95, and 108 cm for men, 
respectively 72, 82, and 96 cm for women). Dashed lines represent 95% confidence limits. The value of 100 cm, 
and 88 cm, served as reference value among men, and women, respectively. The vertical axis is on a log scale. 
Tick marks represent the distribution of iAAA events. The histogram is the distribution of waist circumference in 
the two cohorts. 
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Study III. Fruit and vegetable consumption 
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Figure 11. Multivariable adjusted hazard ratios of abdominal aortic aneurysm (AAA),  
by quartiles of fruit (<0.7, 0.7-1.2, 1.3-2.0, respectively >2.0 daily servings), and vegetable (<1.4, 1.4-2.2, 2.2-3.3, 
respectively >3.3 daily servings), consumption. Dots represent point estimates and bars represent 95% 
confidence intervals. Vertical axis is on a log scale. 
Figure 12. Multivariable adjusted hazard ratios of intact abdominal aortic aneurysm (iAAA), and ruptured 
abdominal aortic aneurysm (rAAA), associated with fruit consumption among men and women. Data were 
fitted with a Cox proportional hazards regression model with restricted cubic splines with three knots of the 
distribution of fruit consumption (0.4, 1.2, and 3.0 servings/day). Dashed lines represent 95% confidence limits. 
Zero daily servings served as reference. The vertical axis is on a log scale. Tick marks represent the distribution 
of iAAA, respectively rAAA, events.The histogram is the distribution of fruit consumption in the two cohorts. 
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Figure 13. Multivariable adjusted hazard ratios of abdominal aortic aneurysm (AAA) associated with alcohol 
consumption among current drinking men and women. Data were fitted with a Cox proportional hazards 
regression model with restricted cubic splines with three knots of the distribution of alcohol consumption (1, 6, 
and 18.4 glasses/week for men, respectively 0.4, 2.6, and 8.6 glasses/week for women). Dashed lines represent 
95% confidence limits. One glass (12g of ethanol) per week served as reference. The vertical axis is on a log 
scale. Tick marks represent the distribution of iAAA events.The histogram is the distribution of alcohol 
consumption in the two cohorts. The lower x-axis transcripts glasses/week into grams/day. 
Figure 14. Multivariable adjusted hazard ratios of abdominal aortic aneurysm (AAA),  
by specific alcoholic beverages among current drinking men and women. Dots represent point estimates and 
bars represent 95% confidence intervals. Vertical axis is on a log scale. 
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Figure 15. Multivariable adjusted hazard ratios of abdominal aortic aneurysm (AAA) associated with alcohol 
consumption among current drinking men and women without cardiovascular disease (CVD) at baseline, and 
censored at date of CVD-diagnosis during follow-up. Data were fitted with a Cox proportional hazards 
regression model with restricted cubic splines with three knots of the distribution of alcohol consumption (1, 
6.2, and 18.6 glasses/week for men, respectively 0.4, 2.6, and 8.8 glasses/week for women). Dashed lines 
represent 95% confidence limits. One glass (12g of ethanol) per week served as reference. The vertical axis is on 
a log scale. Tick marks represent the distribution of iAAA events. The histogram is the distribution of alcohol 
consumption in the two cohorts. The lower x-axis transcripts glasses/week into grams/day. 
Figure 16. Multivariable adjusted hazard ratios of abdominal aortic aneurysm (AAA),  
by specific alcoholic beverages among current drinking men and women without cardiovascular disease (CVD) 
at baseline, and censored at date of CVD-diagnosis during follow-up. Dots represent point estimates and bars 
represent 95% confidence intervals. Vertical axis is on a log scale. 
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Figure 17. Multivariable predicted mean difference in abdominal aortic diameter, by lifestyle exposures and 
comorbidities, among men screened for AAA between 65 and 75 years of age. Dots represent point estimates 
and bars represent 95% confidence intervals. Horizontal axis is on a numeric scale. CVD indicates 
cardiovascular disease; WC, waist circumference. 
Figure 18. Multivariable predicted mean difference in abdominal aortic diameter (AAD), by pack-years smoked 
and Body Mass Index (BMI), among men screened for AAA between 65 and 75 years of age. Data were fitted 
with a Cox proportional hazards regression model with restricted cubic splines with three knots of the 
distribution of pack-years smoked (0, 7.4, and 34.3 pack-years), and BMI (22.2, 25.6, and 30 kg/m2). Dashed 
lines represent 95% confidence limits. Vertical axis is on a numeric scale. Tick marks represent the distribution 
of AAA cases according to pack-years smoked and BMI. Histograms represent the percentage distribution of 
pack-years smoked among ever smokers, respectively BMI. 
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Figure 19. Multivariable adjusted hazard ratios of abdominal aortic aneurysm (AAA), by lifestyle exposures and 
comorbidities, among men screened for AAA between 65 and 75 years of age. Dots represent point estimates 
and bars represent 95% confidence intervals. Horizontal axis is on a log scale. CVD indicates cardiovascular 
disease; WC, waist circumference. 
Figure 20. Multivariable adjusted hazard ratios of abdominal aortic aneurysm (AAA), by pack-years smoked, and 
Body Mass Index (BMI), among men screened for AAA between 65 and 75 years of age. Data were fitted with a 
Cox proportional hazards regression model with restricted cubic splines with three knots of the distribution of 
pack-years smoked (0, 7.4, and 34.3 pack-years), and BMI (22.2, 25.6, and 30 kg/m2). Never smokers with zero 
pack-years smoked, respectively a BMI of 20, served as reference. Dashed lines represent 95% confidence 
limits. Vertical axis is on a log scale. Tick marks represent the distribution of AAA cases according to pack-years 
smoked , and BMI. Histograms represent the percentage distribution of pack-years among ever smokers, 
respectively BMI. 
LIFESTYLE AND RISK OF ABDOMINAL AORTIC ANEURYSM 
60  
DISCUSSION 
Main findings and general discussion 
Main findings 
 DISCUSSION 
 61 
General discussion 
Smoking 
≥
≥
≥
LIFESTYLE AND RISK OF ABDOMINAL AORTIC ANEURYSM 
62  
Obesity 
≥
≥
≥
≥
 DISCUSSION 
 63 
≥
≥
 
LIFESTYLE AND RISK OF ABDOMINAL AORTIC ANEURYSM 
64  
Diet 
≥
≥
 DISCUSSION 
 65 
 
Alcohol 
≥
LIFESTYLE AND RISK OF ABDOMINAL AORTIC ANEURYSM 
66  
≥ ≥
 
 DISCUSSION 
 67 
Comorbidity and physical activity 
≥
LIFESTYLE AND RISK OF ABDOMINAL AORTIC ANEURYSM 
68  
Methodological considerations 
Selection bias 
 DISCUSSION 
 69 
Information bias 
 
LIFESTYLE AND RISK OF ABDOMINAL AORTIC ANEURYSM 
70  
Misclassification of exposures 
 DISCUSSION 
 71 
Misclassification of cases 
≤
LIFESTYLE AND RISK OF ABDOMINAL AORTIC ANEURYSM 
72  
≥
≥
≥
 DISCUSSION 
 73 
Other information biases 
LIFESTYLE AND RISK OF ABDOMINAL AORTIC ANEURYSM 
74  
Confounding 
Figure 21. Example of the relationship between an exposure, confounder, and intermediary factor, in a 
hypothetical causal chain of an outcome. 
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